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cense.Abstract Purpose: To evaluate the role of 64 multidetector CT (MDCT) with multiplanar refor-
mation in evaluation of bilateral ovarian masses and to correlate the ﬁndings with histopathological
results and surgery.
Material and methods: MDCT was performed to 23 patients with sonographically detected bilat-
eral ovarian masses. All scans were performed on a 64 row CT scanner at the oncology center,
Mansoura University. The axial and reformatted images were evaluated for lesion characterization
and the relationship to adjacent structures. The radiological ﬁndings were correlated with operative
and pathological ﬁndings.
Results: There were 11 bilateral malignant lesions and 9 bilateral similar benign lesions. Three
cases showed different benign lesions in both sides.
All malignant lesions were read by MDCT as malignant, also all benign lesions were read by MDCT
as benign except for one case with endometrioid cyst which was diagnosed as malignant tumor by CT.
Conclusion: 64 Multidetector CT with MPR in different planes allows good visualization and char-
acterization of bilateral ovarian masses with greater diagnostic accuracy and improves the detection
of peritoneal metastases.
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Ovarian masses present a special diagnostic challenge. Benign
lesions are common and greatly outnumber ovarian malignan-
cies. Pretreatment characterization of adnexal masses can pro-
vide a basis for optimal preoperative planning if the mass turns
out to be cancerous. It can also reduce the number of unneces-
sary laparotomies in patients with benign lesions (1). In the
United States, CT is often the ﬁrst technique with which
ovarian cancer is detected. Because presenting symptoms of
ovarian cancer indicate advanced disease and are typically
Table 1 Pathology of bilateral ovarian masses in 23 patients.
Pathology No. (%)
Ovarian metastases 9 (39.1)
Simple ovarian cyst 5 (21.7)
Tubo-ovarian abscess 4 (17.4)
Ovarian carcinoma 2 (8.7)
Variable lesions in both sides 3 (13.04)
Table 2 Primary origin of ovarian metastases in 9 patients.
Primary tumor Number of patients
Colonic 3
Stomach 2
Pancreas 2
GIST 1
Breast 1
Table 3 Variable lesions in both ovaries in 3 patients.
RT. ovary Left ovary No. of patients
Endometrioid cyst Simple cyst 1
Ovarian varices Simple cyst 1
Simple cyst Infected cyst 1
286 A. El-Badrawy et al.nonspeciﬁc (e.g., abdominal pain or distention, urinary fre-
quency, early satiety), CT is obtained to evaluate for occult
intraabdominal malignancy or ascites (2). Multidetector CT
(MDCT) with multiplanar reformation (MPR) allows im-
proved visualization of the normal anatomy and anatomic
variants as well as greater diagnostic accuracy in the evalua-
tion of the female pelvis (3). Previous studies have found that
thin-section multi-detector CT with MPR can improve sensi-
tivity and diagnostic conﬁdence in the evaluation of peritoneal
carcinomatosis (4, 5). Also several studies have demonstrated
the added value of coronal and sagittal MPR in improving
the accuracy of MDCT for the diagnosis of various abdominal
conditions; and the diagnosis and staging of various malignan-
cies (6–8). Data regarding evaluation of bilateral ovarian
masses generally and speciﬁcally by MPR images derived from
MDCT are scarce. So, the aim of this study was to evaluate the
role of 64 multidetector CT with multiplanar reformation in
evaluation of bilateral ovarian masses and to correlate the
ﬁndings with histopathological results and surgery.
2. Material and methods
The study was approved by the local ethics committee; in-
formed consent was provided before participation. We pro-
spectively examined 23 patients with sonographically
detected bilateral ovarian masses. Their ages ranged from 17
to 56 years (mean age of 34.4 years). We excluded patients in
which origin from the ovaries was uncertain. 1500–2000 of oralFig. 1 Forty nine year old woman with previous history of operation for GIST. (a, b and c) [axial cuts] and (e, f) [direct coronal
reformats] shows bilateral ovarian metastases which appear as solid heterogenous masses ( ), pleural nodules and effusion ( ),
mesenteric LN ( ) and peritoneal deposits (ﬁ).
Fig. 2 Fifty year old woman with cancer breast and bilateral ovarian metastases. (a) axial CT scan of the chest shows left breast mass
( ), (b, c) axial CT scans of the abdomen and pelvis show bilateral solid ovarian masses ( ) peritoneal nodules (ﬁ)and omental
cake, (d, e) coronal and sagittal MPR show peritoneal nodules and omental cake.
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were performed by MDCT on a 64 row CT scanner (Brilliance
64, Philips), at the oncology center, Mansoura University. The
patients were scanned from the base of the lungs to the
symphysis pubis after IV injection of 100 ml of low osmolar
non ionic contrast (ioversol 350 mg/ml) at a rate of 5 ml/s in
arterial (30 s), venous (60 s) and delayed phases (90 s). The
CT scan was performed with the following acquisition param-
eters 200 mAs, 120 kVp, 512 · 512 matrix, 1.172 pitch, 64 ·
0.625 mm section collimation, 3 mm slice thickness and a
section reconstruction interval of 1 mm. Post processing was
done using workstation [Extended Brilliance Workspace
V3.5.0.2254] (EBW). The axial and reformatted images were
evaluated for lesion characterization and the relationship to
adjacent structures. CT ﬁndings used to diagnose benign
lesions were: entirely cystic with thin walls (less than 3 mm),
absent internal structures and with no evidence of local or dis-
tant spread. On the other hand, CT ﬁndings characteristic of
malignancy were: large soft tissue mass with necrosis or thick
walled cystic lesions with papillary projections. The presence
of ascites, peritoneal deposits, omental cakes, lymphadenopa-
thy or pelvic wall invasion was used to conﬁrm malignancy.
The radiological ﬁndings were correlated with operative and
pathological ﬁndings.
3. Results
Bilateral malignant lesions included ovarian metastases
(n= 9) and ovarian carcinomas (n= 2). Bilateral similar
benign lesions included simple ovarian cysts (n= 5) and tubo-ovarian abscesses (n= 4). Three cases showed different benign
lesions in both sides. The two primary ovarian malignancies
were of the epithelial type. Of the nine cases with ovarian
metastases, the bilateral ovarian deposits were detected
without past history of primary malignancy in seven cases
(one of these cases was discovered to have cancer breast by
the MDCT, while in the other six cases, the primary tumors
were found during surgery). In the other two cases, the ovarian
deposits were detected during follow up after surgery for GIST
in one case and cancer colon in the other one (Tables 1–3). All
malignant lesions were read by MDCT as malignant, also all
benign lesions were read by MDCT as benign except for one
case with endometrioid cyst which was diagnosed as malignant
tumor by CT.
4. Discussion
Ultrasound is the ﬁrst line modality to evaluate adnexal
pathologies, however, most of the time it is unable to differen-
tiate between benign and malignant lesions and the extent of
disease in malignant cases. Sometimes when conventional
ultrasound reveals complex morphology then other diagnostic
tools can be used such as color Doppler and functional tumor
vessel properties, serum CA 125 levels, nuclear magnetic reso-
nance imaging, and in some cases laparoscopy (9). On CT
scan, masses can be characterized and features pertaining to
benignity and malignancy can be observed (10). When an ovar-
ian mass that is suspicious for malignancy is identiﬁed at an
imaging examination, primary ovarian cancer is generally the
main concern. However, it has been estimated that 5–15% of
Fig. 3 Fifty two year old woman with bilateral ovarian carcinomas and associated subserous uterine ﬁbroid. (a) axial CT scan of the
pelvis shows bilateral ovarian masses of mixed solid and cystic areas with subserous ﬁbroid in between, ascites and peritoneal nodule (ﬁ),
(b, c) sagittal and axial T2 WI show the homogeneously hyperintense cystic areas and hypointense solid areas, (d) RT. Sagittal MPR
shows right ovarian mass and pleural nodules ( ), (e) middle sagittal MPR shows subserous ﬁbroid and (f) direct coronal MPR shows
left ovarian mass.
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(11). In this study we have eleven cases with bilateral malig-
nant ovarian masses which were proved by surgical and path-
ological ﬁndings. The CT ﬁndings suggestive of malignancy
were the solid or the mixed solid and cystic components of
all lesions in addition to ancillary ﬁndings of implants, ascites,
adenopathy, and pleural nodules. Multilocularity was more
evident in the two cases with primary ovarian carcinoma which
were diagnosed pathologically to be of the epithelial type
(serous cystadenocarcinomas) (Figs. 3 and 4). Ovarian metas-
tases were from cancer colon, stomach, breast, pancreas and
GIST. They were mainly solid or with areas of cystic degener-
ation (Figs. 1 and 2). Ovarian cancer is one of the deadliest
cancers affecting women today. Ineffective screening strategies
combined with nonspeciﬁc symptoms result in late diagnosis.
Less than 20% of ovarian cancers are found in early stages
when the cancer is most treatable (12). Symptomatic ovarian
cancer that has spread out of the ovary often presents on
CT, and it should be distinguished by the radiologist from a
metastatic colon, or gastric or pancreatic cancer. CT is also
the preferred technique in the pretreatment evaluation of ovar-
ian cancer, to deﬁne the extent of disease, and to assess the
likelihood of optimal surgical cytoreduction (12). Young andScully (11) reported that primary malignant neoplasms of the
ovary are generally unilateral, but there is variability between
the different subtypes of epithelial ovarian malignancies, with
serous and undifferentiated cystadenocarcinoma more likely to
be bilateral than mucinous or endometrioid cystadenocarci-
noma. Kim et al. (13) suggested that most metastatic
neoplasms are predominately solid or a mixture of cystic and
solid areas. In comparison, primary epithelial ovarian neo-
plasms are more likely to be predominately cystic. Breast
cancer, colon cancer, gastric cancer, and lymphoma are the
most frequent neoplasms to metastasize to the ovaries.
Neoplasms from numerous other primary tumors, including
endometrial carcinoma, melanoma, pancreatic carcinoma,
and carcinoid tumor have also been reported to metastasize
to the ovary (14, 15). Brown et al. (16) stated that it is unclear
from their imaging literature whether there is a sufﬁcient char-
acteristic appearance of an ovarian mass that allows one to
make a conﬁdent distinction between primary and secondary
ovarian malignancy. Features sometimes reported to be typical
of metastases to the ovary were bilateral ovarian masses and a
predominately solid appearance of the mass; however, it has
also been reported (17, 18) that the appearance of primary
and secondary ovarian neoplasms are too similar to allow
Fig. 4 Fifty six year old woman with bilateral ovarian carcinoma. (a) axial CT scan of the middle part of the abdomen shows ﬁbrofatty
omental cake, (b) axial CT scan of the lower part of the abdomen shows right ovarian mass and ascites, (c) axial CT scan of the pelvis
shows left ovarian mass which is separable from the uterus, (d, e) Coronal and sagittal MPR show bilateral ovarian masses, omental cake
(ﬁ) and ascites.
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plasms in our study were associated with peritoneal metastases
(Figs. 1–4). The advantage of multidetector CT is that thin sec-
tions can be obtained over a large volume of tissue, potentially
improving the sensitivity of CT in detecting peritoneal carcino-
matosis. The acquisition of thin sections may allow the detec-
tion of subcentimeter implants. In addition, thin-section CT
can be used to generate multiplanar images with reduced arti-
facts (19). In the pelvis, sagittal images allow assessment of the
vaginal cuff, cul-de-sac, peritoneal surface of the bladder, and
rectosigmoid. Axial oblique and coronal images can be used to
evaluate the region of the uterosacral ligaments and pelvic
sidewall. The number and location of surface lesions of the
liver and spleen can be mapped and the extent of omental
disease demonstrated on coronal images. The paracolic gutters
can also be evaluated on coronal images for small implants
near the bowel surface. The entire length of the diaphragm
can also be displayed on sagittal and coronal images to evalu-
ate for minimal nodularity and plaque like thickening (4). We
had four cases with bilateral ovarian abscesses. All appeared as
thick-walled cystic masses with enhancing walls, high attenua-
tion contents and gas bubbles inside (Fig. 5). Yitta et al. (3) re-
ported that MRP images may be helpful in differentiating a
tubo-ovarian abscess from acute appendicitis or an inﬂamed
mucocele, either of which could mimic a pyosalpinx. There
were ﬁve cases with bilateral simple ovarian cysts. They ap-
peared as thin-walled entirely cystic masses with no internal
structures. Ovarian cysts are the most common type of adnexal
mass (3). Simple cysts (cysts with an imperceptible wall and no
solid components such as septations, mural nodules, or papil-lary projections) need no further imaging evaluation when pre-
senting in a premenopausal woman. Although such cysts could
represent benign epithelial tumors (e.g., cystadenomas), they
are usually physiologic ovarian cysts or inclusion cysts and
are not malignant (20). One of our patients had a simple left
ovarian cyst and a homogenously solid-appearing right ovar-
ian mass by CT which was proved by surgery and pathology
to be an endometrioid cyst (Fig. 6). The most common solid
adnexal lesions are pedunculated uterine or broad ligament
ﬁbroids, benign ovarian stromal tumors (e.g., ﬁbroma or ﬁbro-
thecoma), dermoids, and endometriomas. Although dermoids
and endometriomas are pathologically cysts, they are protean
in their appearance and can sometimes appear homogeneously
solid (21). We believe that there are two main limitations in
this study. First, the primary neoplasm was not identiﬁed in
the majority of patients with ovarian metastases. Second, the
small number of cases does not allow statistical analysis.
5. Summary & conclusion
Although US and MR imaging remain the primary imaging
modalities for the assessment of most ovarian masses, more
accurate diagnosis of these disorders at multidetector CT,
may obviate additional imaging tests and allow more appropri-
ate patient treatment with no additional radiation exposure.
With multi-detector CT, thin section abdomino-pelvic images
can be obtained to create three-dimensional images with
reduced artifact for the assessment of sub-centimeter implants.
Supplementation of axial 64multidetector CTwith high-quality
MPR in different planes allows good visualization of bilateral
Figure 5 Thirty eight year old woman with bilateral tubo-ovarian abscesses. (a) axial, (b, c) direct & curved coronal MPR show bilateral
thick-walled masses with ﬂuid attenuation and gas within the left one.
Figure 6 Thirty six year old woman with bilateral ovarian cysts. (a) Axial CT scan shows right ovarian cyst with high density content
and left ovarian cyst with low density content. (b) Curved MPR shows the relation of the ureter to right ovarian cyst. The right ovarian
lesion pathologically proved endometrioid cyst and left ovarian lesion pathological proved simple ovarian cyst.
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with greater diagnostic accuracy.References
(1) American Cancer Society. Cancer facts & ﬁgures. Atlanta:
American Cancer Society 2006:1–52.
(2) Jeong YY, Outwater EK, Kang HK. Imaging evaluation of
ovarian masses. RadioGraphics 2000;20:1445–70.
(3) Yitta S, Hecht EM, Slywotzky CM, Bennett GL. Added value of
multiplanar reformation in the multidetector ct evaluation of the
female pelvis: a pictorial review. Radiographics 2009;29:
1987–2005.
(4) Pannu HK, Bristow RE, Montz FJ, Fishman EK. Multidetector
CT of peritoneal carcinomatosis from ovarian cancer. Radio-
Graphics 2003;23(3):687–701.
(5) Franiel T, Diederichs G, Engelken F, Elgeti T, Rost J, Rogalla P.
Multi-detector CT in peritoneal carcinomatosis: diagnostic role of
thin slices and multiplanar reconstructions. Abdom Imaging
2009;34(1):49–54.
(6) Kim HC, Yang DM, Jin W, Park SJ. Added diagnostic value of
multiplanar reformation of multidetector CT data in patients with
suspected appendicitis. RadioGraphics 2008;28(2):393–405.
(7) Neville AM, Paulson EK. MDCT of acute appendicitis: value of
coronal reformations. Abdom Imaging 2009;34(1):42–8.
(8) Hodel J, Zins M, Desmottes L, et al. Location of the transition
zone in CT of small-bowel obstruction: added value of multipla-
nar reformations. Abdom Imaging 2009;34(1):35–41.
(9) Pe´rez-Lo´pez FR, Chedraui P, Troyano-Luque JM. Peri- and
postmenopausal incidental adnexal masses and the risk of
sporadic ovarian malignancy: new insights and clinical manage-
ment. Gynecol Endocrinol 2010;26:631–43.(10) Mubarak F, Shahbaz Alam M, Akhtar W, Hafeez S, Nizamuddin
N. Role of multidetector computed tomography (MDCT) in
patients with ovarian masses. Int J Women’s Health 2011;3:123–6.
(11) Young RH, Scully RE. Metastatic tumors in the ovary: a
problem-oriented approach and review of the recent literature.
Semin Diagn Pathol 1991;8:250–76.
(12) Iyer VR, Lee SI. MRI, CT, and PET/CT for ovarian cancer
detection and adnexal lesion characterization. AJR
2010;194:311–21.
(13) Kim SH, Kim WH, Park KJ, Lee JK, Kim JS. CT and MR
ﬁndings of Krukenberg tumors: comparison with primary ovarian
tumors. J Comput Assist Tomogr 1996;20:393–8.
(14) Ulbright TM, Roth LM, Stehman FB. Secondary ovarian
neoplasia: a clinicopathologic study of 35 cases. Cancer
1984;53:1164–74.
(15) Yakushiji M, Tazaki T, Nishimura H, Kato T. Krukenberg
tumors of the ovary: a clinicopathologic analysis of 112 cases.
Acta Obstet Gynecol Jpn 1987;39:479–85.
(16) Brown DL, Zou KH, Tempany CMC, Frates MC, Silverman SG,
McNeil BJ, Kurtz AB. Primary versus secondary ovarian malig-
nancy: imaging ﬁndings of adnexal masses in the radiology
diagnostic oncology group study. Radiology 2001;219:213–8.
(17) Meigbow AJ, Hulnick DH, Bosniak MA, Balthazar EJ. Ovarian
metastases: computed tomographic appearances. Radiology
1985;156:161–4.
(18) Cho KC, Gold BM. Computed tomography of Krukenberg
tumors. AJR 1985;145:285–8.
(19) Forstner R, Hricak H, White S. CT and MRI of ovarian cancer.
Abdom Imaging 1995;20:2–8.
(20) Castillo G, Alcazar JL, Jurado M. Natural history of sonograph-
ically detected simple unilocular adnexal cysts in asymptomatic
postmenopausal women. Gynecol Oncol 2004;92:965–9.
(21) Lee SI. Radiological reasoning: imaging characterization of
bilateral adnexal masses. AJR 2006;187:S460–6.
